all in all performance demonstrates that the LabPET_8 ™ system is able to produce high quality and highly contrasted images in a reasonable time, and as such it is well suited for preclinical molecular imaging-based research.
I. INTRODUCTION
Positron emission tomography (PET) has become an integral non-invasive molecular imaging modality in biomedical and biological imaging research [1] . PET is now a well established imaging modality which has gained widespread clinical acceptance. Moreover, the importance of PET for preclinical imaging has increased manifold during the last decade owing to the capabilities of this technique for studying cellular and molecular processes associated with disease in living small animal models of disease [2] . Clinical whole-body PET scanners are not appropriate for this purpose since they do not provide the high resolution and sensitivity required for small laboratory animal studies [3] . This lead to the design and development of various prototypes dedicated for small animal PET imaging [4] [5] [6] [7] [8] [9] resulting in the development of numerous research prototypes as well as several commercially available high-resolution preclinical PET systems [10] [11] [12] [13] [14] .
The TriumphTM PET/SPECT/CT system (GE healthcare Technologies, Waukesha, WI) is a dedicated trimodality preclinical imaging platform. The scanner consists of the fully digital LabPEFM subsystem [13, 15] , cadmium zinc telluride (CZT)-based detectors for the microSPECT subsystem and a high resolution microCT subsystem. All 3 subsystems are mounted on the same gantry offering the possibility to configure the multi modality platform in any combination of the three subsystems. The scanner exhibits several innovative design features rendering it as a high resolution and high sensitive preclinical PET scanner for small animal imaging [13, 15] . Following the widespread use and commercial availability of small animal PET scanners, the National Electrical Manufacturers Association (NEMA) published its NU 4 -2008 standards [16] , a consistent and standardized methodology for measuring scanner performance parameters for small-animal PET imaging. This work aims to characterize Unless otherwise stated, all PET studies are acquired using a 250-650 keY energy window and 22 ns coincidence timing window. The list-mode data were binned into three dimensional (3D) histograms or sinograms. These 3D sinograms were further reb inned to two-dimensional (2D) sinograms using single-slice rebinning (SSRB). Images were reconstructed using either 2D analytic filtered-backprojection or iterative maximum likelihood expectation maximization (MLEM) algorithms with 10 iterations for the latter.
The physical response of the scanner fully compensates for the missing data due to in-plane gaps between detector modules. The LabPET _STM scanner provides the option of image reconstruction in high resolution mode using 0.25 mm pixel size instead of 0.5 mm used in normal mode.
B. Spatial resolution
The spatial resolution was evaluated using a 22 Na point source having dimensions of 0.25 mm and an activity of 1. 
D. Sensitivity
The sensitivity was measured using the same 22 Na point source used in the above described spatial resolution The axial sensitivity profile was plotted using the absolute sensitivity for each slice.
E. Image quality characteristics
Image quality characteristics were assessed using a specially . . from the center of axial FOV.
B. Scatter fraction, count losses and random coincidence measurements
The count rate performance of the scanner for the mouse-and rat-sized phantoms is shown in Fig. 2 . The total, true, random, scatter and NEC rates are plotted against the average effective activity concentration for both mouse-and rat-sized phantoms.
For the mouse-sized phantom, the peak NECR is 183 kcps at 2.07 MBq/cc whereas the peak true count rate is 320 kcps at 
C. Sensitivity
The NEMA NU 4 -2008 standards suggest calculating the system sensitivity as the sum of the sensitivity for each slice.
The total sensitivity for the mouse and rat length is 0.16 cps/Bq whereas the total absolute sensitivity is 12.74%. The system peak absolute sensitivity is 1.33%. Fig. 3A depicts the axial sensitivity profile plotted for the absolute sensitivity SA against each slice. Axial planes (number) (B) Table 3 . Representative images of the NEMA image quality phantom are shown in Table 3 . Spill-over ratios (SOR) and standard deviation (%). [11, 14, [19] [20] [21] [22] [23] [24] , to the best of our knowledge, there is a lack of published scientific literature reporting on the performance characterization of the LabPET _8™ system using these standards.
The The measured count rate characteristics demonstrate that the LabPET-8™ has suitable count rate performance for optimal imaging of rodents. The achieved NEMA-based peak NECR of 183 kcps for mouse and of 67 kcps for rat-sized phantom is similar to results obtained on the eXplore VISTA small animal PET scanner [26] . The NECR obtained for the rat-sized phantom is lower than the one obtained for the mouse-sized phantom because of the higher photon attenuation of the true events, and higher scatter and random count rates. The NECR for the mouse-sized phantom peaked at a higher activity concentration than for the rat-sized phantom because the true count rate decreases more rapidly than the random count rate as object size increases [27] . The SF values of 19% for the mouse-and 31 % for the rat-sized phantoms for the LabPET-8™ scanner are comparable with those reported for the same system [28] and for the microPET Focus 120 PET scanner [29] .
For an energy window of 250-650 keY and timing window of 22 ns, the system peak absolute sensitivity is 1.33% as compared to 2.1% for the LabPET-8™ scanner [13] (Fig. 3A) . The NEMA image quality test provides a common and standardized approach for the overall assessment of image quality of a PET scanner. The %STD which expresses the uniformity of an image is 7% in contrast to 5.29% reported for the Inveon small animal PET scanner [11] . This is due to the fact that our image quality data are not corrected for attenuation and scatter whereas those of the Inveon scanner are corrected for the above mentioned physical degrading factors. The recovery coefficients for the five different rods varied from 0.13 to 0.96. These values are similar to those reported earlier for the LabPE'fTM scanner [13] . SOR values of water and air-filled chambers are 0.20 and 0.11 having percent standard deviation of 16% and 9%, respectively. Such high values for SOR were expected since the images were not corrected for attenuation and scatter.
Overall, the results demonstrate that the LabPET _8™ subsystem of the TriumphTM multimodality platform is capable of producing high-quality images desirable for corrections [30, 31] . The overall performance shows that the TriumphTM LabPET-8™ scanner is suitable for preclinical imaging-based research and could be considered as one of the most technologically advanced dedicated small-animal PET scanners available today.
